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| Significant accomplishments of this program include: the first microwave
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excited Na; the proposal of the concept of quasi-metastable quartet levels
and the experimental verification of their importance in the column I metals;
and the proposal for short wavelength systems based on super Coster-Kronig
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o
'_' 1. INTRODUCTION
)
- This program has supported theoretical and experimental studies in
:‘, several areas of laser physics particularly applicable to the conustruction of
]
A, XUV and sof't x-ray lasers., The work during this three-year peciod has been
:;» exceedingly successful. Numerous ideas and several experimental successes
Bt
'.;3 have resulted. Section II summarizes the key results of this program; Sec~
tion III gives the list of publications; Section IV lists oral disclosures; Seo~
'.j tion V lists the personnel; and Section VI gives abstracts of all publications
. supported by this program.
s We note that this program was undertaken jointly with the U.S. Army
'\C. Research Office,
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K- IX, SIGNIFICANT ACCOMPLISHMENTS
t
-‘» The significant accomplishments of this program are as follows:
‘:; (1) Following our first demonstration of the microwave pumping of an
o excimer laser, such a laser was mode-locked for the first time.
§ (2) D. E. Holmgren, et al. used pulsed hollow-cathode technology to

accomplish the firat measurement of metastable quartet population of core-
excited alkalli atoms, These measurements showed that levels such as these
which lie above a continuum retain their integrity even in the presence of high
. electron density,

(3) In a key theoretical publication the concept of quasi-metastable
quartet levels was proposed, As shown by further experiment, these levels
-\ have radiative times on scale with their autoionizing times and are excellent

candidates for XUV lasers.

: (4) The first experimental demonstration of quasi-metastability was
' obtained by Holmgren, et al., who showed radiation at 1091 & in neutral Cs on
_ scale with that of the strongest jon lines.
't (5) Using the lowest metastable level of Na and laser transfer techniques
a Grotrian diagram for the core-excited quartet manifold of Na I was defined.
; This was the first demonstration of such a technique in the extreme ultra-
violet spectral region.
:’_:} (6) In another key result we proposed the idea of selectively autoionizing
.: lager systems based on super Coster-Kronig transitions. ,\
{ (7) The work on Cs was confirmed in an experiment by Pedrotti and Dimiduk :i\‘
' :' where harmonic generation at 1091 £ was used to confirm the nature of the '*:
:: 1091 & transition. r
)
- ?;:Z:
% "o o
3 E

e 25

‘f
-

‘ ‘r.\ ‘- u' .j.n‘ _\ ,.\‘\"‘“:_'&-\F-\ f‘\ \ \. ‘\‘.\L-" _". ‘.‘I.«:.:k:r:,:..-,”‘_}-. # -, -\. \ -. ’ ::}J‘ -.) ,.\"f ) '\ ” -.’: ..-_\.: . :. ;. .. ‘-' ’:.". ‘\. p_\}‘:}..- -.-

S Y. e wt et f et ot

’A




”

TR <

¥

PO

¥

-
L

e
b o

P e v s .
A5
4 h e e lei

A

)
»
>

(8) Using high-power pulsed microwave technology the quasi-metastability

concept was shown to extend throughout column I.
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LASER TECHNIQUES FOR EXTREME ULTRAVIOLET SPECTROSCOPY » -7/ I””«f‘(

s
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3, E, Harris, J. F. Young, R, G. Caro, R. W, Falcone, D. E. Holmgren,
D, J. Walker, J. C. Wang, Joshua E, Rothenberg, and J. R. Willison

) Edward L. Ginzton Laboratory
e Stanford University
P Stanford, California 94035
h

ABSTRACT

In this paper we describe several techniques for using lasers to study
core-excited energy levels in the spectral region between 10 eV and 100 eV,
We are particularly interested in levels that are metastable against autolon-

ization and, in some cases, against both autolonization and radiation.
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ACTIVE MODE LOCKING OF A MICROWAVE-PUMPED XeC% Laser/. — «,,?&;n;__

o

by

LA

a%.

P. J. K, Wisoff and J, F. Young

A4

Edward L, Ginzton Laboratory
Stanford University
Stanford, California 94305

A

o

I

-

. ABSTRACT

fj Acoustooptic mode locking of a long-pulse microwave-pumped XeCL laser

nas tresulted in trains of ~ 320 ps long pulses having very high contrast

ratios.
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MEASUREMENT OF LITHIUM AND SODIUM METASTABLE QUARTET ATOMS
IN A HOLLOW=-CATHODE DISCHARGE/ -7 hba{/““}~’

by
D. E. Holmgren, R. W, Falcone, D. J. Walker, and S. E, Harris
Edward L. Ginzton Laboratory

Stanford University
Stanford, California 94305

ABSTRACT
We report the measurement, in a pulsed hollow-cathode discharge, of meta-
Stable quartet atoms of Li and Na. By using a tunable probe laser, population
densities of 3 x 10! atoms cm~’ and 10!!' atoms cm™® were measured in the
Li(1s282p)*P® and Na(2p*3s3p)*D,/, levels, respectively. These levels are candi-

dates for energy storage for extreme-ultraviolet lasers.
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& QUASI-METASTABLE QUARTET LEVELS IN ALKALILIKE ATOMS AND IONS,: "">&ﬂfﬁ‘/idgﬂw
. by

ﬁ S. E. Harris, D. J. Walker, R, G. Caro, and A. J. Mendelsohn

Edward L. Ginzton Laboratory
Stanford University
Stanford, California 94305

and
R. D. Cowan
! Los Alamos National Laboratory

Y Los Alamos, New Mexico 875u5

ABSTRACT
We describe the properties of a subclass of quartet levels of alkalilike
. atoms and ions that often retain metastability against autolonization and may
have large radiative ylelds. Gain cross seotiéns for XUV lasers with wave-

lengths between 20 and 100 nm are given.
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~ GROTRIAN DIAGRAM OF THE QUARTET SYSTEM OF Na I~ nee¥ o p
by
D. E. Holmgren; D, J, Walker, D. A, King, and S. E, Harris
Edward L. Ginzton Laboratory

Stanford University
Stanford, California 94035

ABSTRACT

Laser enhanced fluoreacence experiments have been used in conjunction
with Hartree-Fock calculations and emission studies to identify and locate Na I

core-excited quartet levels, Twenty-eight Na emiasion lines are identified as

transitions between these levels.

- 13 -

[ERR R
o w S
NIy

L L T L A L R e e g T L

R mL e e im
o e W)




EMISSION AT 1091 X'IN NEUTRAL CORE-EXCITED Cs | ~5 negd oy

by
; D. E. Holmgren, D. J. Walker, and S, E. Harris
Edward L. Ginztor Laboratory

Stanford University
Stanford, California 94305

“ cEmmmme w ¥ _a

ABSTRACT

Certain quartet levels in alkali-=like systems retain metastability against
autolonization while acquiring large radiative ylelds. This quasi-metastability
oceurs through selective coupling to non-autoicnizing doublet levels by the
Spin-orbit interaction. An example of such a level is the 5p*dés “Py/, level
of neutral Cs, which has a calculated branching ratio for radiation at 1091 %
of 43%. Experimentally, we find that this }ine has an emission intensity
equal to 1/6 of that of the strongest ion line of Ca*, and is a promising can-

didate for an extreme ultraviolet laser,
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" METASTABILITY IN THE KUV LASERS AND SPECTROSCOPY ; -7 M,;,/f >
by '

S. E. Harris, R. G. Caro, R. W, Falcone, D. E. Holmgren, J. E. Rothenberg,
D. J. Walker, J. C. Wang, J. R. Willison, and J. F. Young

Edward L, Ginzton Laboratory

Stanford Univeraity
Stanford, California 94305

ABSTRACT
We describe the apectroscopy, methods for excitation, and applications of
core-excited metastable atomic levels, Emphasis is on systems in alkali atoms
and alkali-like ions which are metaatable against autolonization and in some
cases agalinst radiation, and which allow lasing to a level in the valence

structure of the atom,
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ﬁ' LASER SPECTROSCOPY OF Na I QUARTETS ; Dl /HQ?A_
by

bl

B¢ D. E. Holmgren, D. J. Walker, D, A, King, and S, E, Harris

3¢

Edward L, Ginzton Laboratory
Stanford University
Stanford, California 94305
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ABSTRACT
By using a pulsed hollow-cathode discharge, metastable atoms are produced

in the (2p*3s3p)'D,/; and (2p*3s3p)“Sy/, levels of Na I, A tunable laser is used

to excite these atoms to levels in the 2p*3s3d and 2p*3alls configurations, and
. thereby to establish a partial Grotrian dlagram for the quartet system.

Several possible Na I XUV laser systems are described,
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X-RAY EXCITATION OF ENERGETIC METASTABLE LEVELS IN ATOMS AND IONS ; ';7ﬂ‘v’thyg

by

-
‘

R. G, Caro, J. C, Wang, J. F. Young, and S. E, Harrls
Edward L. Ginzton Laboratory

Stanford University
Stanford, California 94305

ABSTRACT

This article describes an investigation of the excitation of energetioc
Mmetastable levels suitable for use as storage levels in XUV laser systenms.
The production of large populations in excited levels with unergies in the
200-100 eV region necessitates the development of excitation techniques char-
acterized by high peak powers., The work reported here involves the use of an
x-ray "flashlamp" as an excitatlon source. In addition, a secondary source of
excitation has been developed in which the x-rays, emitted from the "flash-
lamp," are converted to 4 burst of high density energetic electrons. This
device has been called a "photnionization electron source." Both of these ex~
citation techniques have been shown to produce populations, in energetic
(20-60 eV) metastable levela of atoma and lons, which are two to three orders

of magnitude larger than have been achleved by alternative excitation methods.
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PROPOSAL FOR AN EXTREME-ULTRAVIOLET SELECTIVE

AUTOIONIZATION LASER IN Zn III . M"‘f!/"‘yu
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by
A. J. Mendelsohn and S. E. Harris
Edward L, Ginzton Laboratory

Stanford University
Stanford, California 94305
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ABSTRACT

g; A system is proposed whereby Zn atoms that are photolonized by soft
' X-rays from a laser-produced plasma undergo selective super-Coster-Kron:
5: decay leading to inversion and lasing on several XUV Zn III transitions, Calou-
E; lations indicate that lasing will occur when a moderate-sized (~ 10 J) 1,06 um

pump laser is used.
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XUV EMISSION SPECTRA OF CORE-EXCITED LEVELS
IN SODIUM AND MAGNESIUM,' -->~.w+?’ /247,/
by

K. D, Pedrotti, A. J. Mendelsohn, R. W. Falcone,
J. F, Young, and S, E. Harris

Edward L. Ginzton Laboratory

Stanford University
Stanford, California 94305

ABSTRACT

Using a pulsed-hollow=-cathode discharge we have observed the emission
Spectra of core-excited levels of Na I and Mg II. Line identifications and

implications for XUV lasers are discussed.
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QUASI-METASTABLE ENERGY LEVELS AND APPLICATIONS) M “5/'
by

S, E. Harris, J. F. Young, A. J. Mendelsohn, D. E. Holmgren
K. D, Pedrotti, and D. P. Dimiduk

Edward L. Ginzton Laboratory

Stanford University
Stanford, California 94305

ABSTRACT
The paper summarizes the properties of certain radiating levels of the
column I metals. XUV emission studies and an absorption experiment on the
1091 & 1line of neutral Cs are described. A technique for correlating pico-

second, broadband XUV pulses is discussed.
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SHAKE-UP AS A MECHANISM FOR VUY LASERS, ef )““jhf
by
S. E, Harris and R. G. Caro
Edward L. Ginzton Laboratory

Stanford University
Stanford, California 94305

ABSTRACT
We show how electron shake-up, as it ocours during core photoionization,
may produce population inversion in the vacuum ultraviolet. Calculationsa for

Li show the possibility of lasers at 165.3 nm and 113.2 nm.
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bnﬁo EMISSION SPECTRA OF QUASI-METASTABLE LEVELS OF ALKALI ATOMS N
by

A. J. Mendelsohn, C. P, J, Barty, M. H. Sher,
J. F. Young, and S, E, Harris

Edward L. Ginzton Laboratory

Stanford University
Stanford, California 94305

ABSTRACT
The paper describes the properties of a subclass of quartet levels of the
alkali atoms which often retain metastability against autoionization and may
have‘large radiative ylelds., Using high pulsed power microwaves, we obtain
emission spectra of Na, K, Rb, and Cs. In each case, the neutral emission

spectrum is dominated by emission from these levels.

- 22 =



